A series of 13 aryl indeno [2',1':5,6]pyrido [2,3-d]pyrimidine-2,4,6-(3H,5H,11H)-triones, 8 of which are new, were synthesized regioselectively in high yields by a threecomponent reaction of 1,3-indanedione, an araldehyde and 6-aminopyrimidin-2,4(1H,3H)-dione in the presence of choline hydroxide as catalyst in water. The reaction conditions were mild and did not require additional catalysts. Given the inexpensive, nontoxic, and recyclable nature of the choline hydroxide, these reaction conditions are simple to carry out and environmentally friendly.
INTRODUCTION
The elimination of volatile and toxic organic solvents in chemical processes represents very powerful procedures for green chemical technology from both the economic and synthetic points of view [1] . They have many advantages, such as reduced pollution, lower cost, and simplicity in processing, which are beneficial to the industry as well as to the environment.
In multicomponent approaches, complex products and biologically active molecules are synthesized from readily available starting materials in a single step process. From this point of view, MCRs have emerged as green and powerful tools in organic synthesis and drug discovery [2, 3] . Also, in MCRs, by selecting the different starting materials, a new class of compounds can be synthesized which may show interesting properties [4] .
Pyridopyrimidines are nitrogen-bearing heterocyclic compounds which have various pharmaceutical applications. In particular, pyrido [2,3-d] pyrimidine derivatives show variable biological activities such as anticancer agents inhibiting dihydrofolate reductases or tyrosine kinases, [5] [6] [7] antitumor, [8, 9] antiviral, [10] antihistaminic, [11] anti-inflammatory, [12] antibacterial, [13] [14] [15] [16] [17] and also act as cyclin-dependent kinase 4 inhibitors [18] . This structural moiety is present in ramastine (anti-allergic) [19] and pirenperone (tranquilizer) [20] . As a result, the compounds of this class have attracted considerable interests for research. Several MCR methods have been reported for the synthesis of pyrido [2,3-d] pyrimidines [21] [22] [23] [24] [25] [26] . Although most of these methods offer distinct advantages, some of them still have their own limitations in terms of yields, longer reaction times and difficult work-up. In some cases, the catalysts used are harmful to environment and cannot be reused. Therefore, an efficient method for the preparation of pyrido [2,3-d] pyrimidine derivatives is still desirable.
In continuation of our ongoing program for the synthesis of heterocyclic compounds, [27] [28] [29] [30] [31] [32] [33] 
RESULTS AND DISCUSSION
Our proposed route to the pentacyclic target compounds 4 involved a base-catalyzed condensation between 1,3-indanedione 1, an araldehyde 2 and 6-aminopyrimidin-2,4(1H,3H)-dione 3, a 3-component reaction we hoped would occur in one pot (Scheme 1). Initially, the yields of a model 3-component reaction using 4-bromobenzaldehyde (2; Ar = 4-Br-C6H4) in reaction with 1,3-indanedione 1 and 6-aminopyrimidin-2,4(1H,3H)-dione 3 catalyzed by various base/solvent combinations at 80 °C were determined and the results are shown in Table 1 .
When the reaction was carried out in the presence of choline hydroxide/water, the product was the desired pentacyclic compound (4c; Ar = 4-Br-C6H4) and the reaction had occurred in excellent yield (95%) (entry1). None of the other catalysts (entries 2-7) gave equivalent yields, the best giving only 70% (entry 6). It was thus clear that our one-pot method had worked very well and the choline hydroxide catalyst was thus adopted as the optimum catalyst.
Using the optimum conditions, 12 other aldehydes 2 were reacted with 1,3-indanedione 1 and 6-aminopyrimidin-2,4(1H,3H)-dione 3 to afford the corresponding aryl indeno[2',1':5,6]pyrido [2,3-d] pyrimidine-2,4,6(3H,5H,11H)-trione derivatives (4a,c-m) and the results are shown in Table 2 .
As can be seen, very good yields of products were obtained for aldehydes bearing either electron-withdrawing or electron donating groups.
The structures of products were deduced from their IR, 1 H NMR, 13 C NMR, mass spectra, and CHN analysis data. For example, the IR spectrum of 4a showed absorptions at 3173-3485 cm -1 for NH groups and 1708, 1672 cm -1 for carbonyl groups, indicating the presence of these functional groups in the proposed structure. We proposed the following mechanism for the reaction (Scheme 2). On the basis of this mechanism, choline hydroxide is an effective catalyst for the formation of intermediate In this report, we have developed a rapid, efficient, and versatile procedure for the synthesis of indeno fused pyrido [2,3-d] pyrimidine derivatives 4a-m in a regiochemical manner by using an eco-friendly and biodegradable catalyst based on choline hydroxide. The advantages of this method are operational simplicity, green medium, short reaction times and high yields.
EXPERIMENTAL
All melting points were determined with an Electrothermal 9100 apparatus. Elemental analyses were performed using a Costech ECS 4010 CHNS-O analyser at the analytical laboratory of Islamic Azad University, Yazd branch. Mass spectra were recorded on a Finnigan-Mat 8430 mass spectrometer operating at an ionization potential of 70 eV. IR spectra were recorded on a Shimadzu IR-470 spectrometer. NMR spectra were obtained on a Bruker DRX-400 Avance spectrometer ( 1 H NMR at 400 Hz, 13 C NMR at 100 Hz) in DMSO-d6 using TMS as an internal standard. Chemical shifts (δ) are given in ppm and coupling constants (J) are given in Hz. The chemicals used in this work were purchased from Fluka (Buchs, Switzerland) and were used without further purification.
GENERAL PROCEDURE:
1,3-indanedione, (0.25 mmol), an aromatic aldehyde (0.25 mmol), and 6-aminopyrimidin-2,4(1H,3H)-dione (0.25 mmol) were added to choline hydroxide (0.25 mmol). The resulting mixture was stirred in water for the specified time ( Table 2 ) at 80 °C. After reaction completion, (TLC, ethyl acetate/n-hexane, 2:1), the reaction mixture was filtered and the solid residue recrystallized from ethanol to obtain the pure product. All the products identified by IR, 1 H NMR and 13 C NMR spectral data and by comparison of their melting points with literature reports. [2',1':5,6] pyrido [2,3- 
5-(4-methoxyphenyl)-5,11-dihydro-1H-indeno

5-(4-nitrorophenyl)-5,11-dihydro-1H-indeno[2',1':5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-trione (4b).
Red powder (95%), m.p. 325-327 °C; IR (KBr) (νmax, cm 
5-(4-bromophenyl)-5,11-dihydro-1H-indeno[2',1':5,6]pyrido[2,3-d]pyrimidine-2,4,6(3H)-trione (4c).
Red powder (92%), m.p. 328-330°C; IR (KBr) (νmax, cm [2',1':5,6] pyrido [2,3- [2',1':5,6] pyrido [2,3-d] [2',1':5,6] pyrido [2,3-d] [2',1':5,6] pyrido [2,3- 
5-(2,4-dichlorophenyl)-5,11-dihydro-1H-indeno
5-(3-nitrophenyl)-5,11-dihydro-1H-indeno
5-(4-chloro-3-nitrophenyl)-5,11-dihydro-1H-indeno
5-(4-fluorophenyl)-5,11-dihydro-1H-indeno
